Introduction {#S5}
============

Vast evidence indicates that salt excess has an important role in the pathogenesis of many forms of human and experimental hypertension \[[@R1]--[@R4]\]; high salt intake is also known to induce functional and structural changes in the vasculature that are not dependent on blood pressure (BP) elevation *per se* \[[@R5]\] while salt restriction was found to act in the opposite direction \[[@R6], [@R7]\]. Over the years, a considerable amount of research accumulated indicating the involvement of the renin-angiotensin system (RAS) in the development of salt-dependent hypertension \[[@R8]\]. On the other hand, despite long-lasting research the actual role of active products of cytochrome P-450 (CYP-450) dependent arachidonic acid (AA) monooxygenases and interaction of these products with nitric oxide (NO) cascade remain unclear \[[@R9], [@R10]\].

The active AA metabolites have been implicated in regulation of the vascular tone and arterial pressure \[[@R9], [@R11], [@R12]\]. They can influence BP directly, by altering the vessel tone: most of epoxyeicosatrienoic acids (EETs), generated by epoxygenase, induce relaxation whereas 20-hydroxyeicosatetraenoic acid (20-HETE), the product of ω-hydroxylase, is a vasoconstrictor \[[@R11]\]. On the other hand, both EETs and 20-HETE inhibit renal tubular reabsorption: the consequent increase in renal excretion, when sufficiently long-lasting, may result in depletion of body fluids and a decrease in blood pressure. Augmenting EETs activity by inhibition of their degradation, as obtained using cis-4-\[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy\]-benzoic acid (*c*-AUCB), was recently reported to attenuate the increase in BP in hypertensive Ren-2 transgenic rats \[[@R13]\]. The mechanism of these effects is complex but certainly involves interaction of the two agents with the NO cascade \[[@R9], [@R10]\].

There is evidence that renal content and activity of CYP-450 dependent metabolites of AA are differentially modified by NaCl intake. Explicitly, high dietary salt downregulates the expression of CYP4A which is engaged in generation of 20-HETE in kidney tissue and renal vasculature \[[@R10]\]. In contrast, formation of EETs in the kidney is increased by high-salt diet \[[@R14]\]. This response is typical for salt-resistant animals and is not associated with an increase in BP. Increased dietary salt intake was reported to interfere with normal NO release and the vasorelaxation in response to vasodilator stimuli \[[@R15]--[@R17]\]. It will be noticed that high sodium intake stimulates the synthesis of NO but its bioavailability may be reduced as a consequence of increased production of reactive oxygen species (ROS) \[[@R18]\]. This suggests that salt-induced dysfunction of the vascular endothelium is probably induced by local oxidative stress \[[@R19]\].

Our aim was to examine if the modest BP elevation observed in essentially salt-resistant normotensive Wistar rats after exposure to high salt intake could be at least in part mediated by alterations in the availability and/or action of EETs and 20-HETE. Such mediation appeared plausible since, as discussed above, sodium overload could alter CYP-450 metabolic pathways and/or NO synthesis and affect BP, e.g. by altering the blood vessel reactivity to vasoactive agents. Of special interest would be alterations within the renal vascular bed where, aside from the effects of changing vascular resistance *per se*, specific modifications of circulation in the renal medulla could alter tubular reabsorption and renal excretion and cause fluid volume dependent changes in BP.

To explore the putative contribution of changes in CYP-450 dependent AA metabolism in rats on high-sodium diet the generation of 20-HETE was inhibited using 1-amino-benzotriazole (ABT). At the dose applied here it is a potent inhibitor of renal CYP-450 dependent ω-hydrolases with less effect on epoxygenases \[[@R20], [@R21]\]. EETs content was raised by inhibition of soluble epoxygenase hydrolase (sEH) which normally degrades EETs to relatively inactive dihydroxyepoxytrieonic acids (DHETEs). The renal vascular responses to vasodilator acetylcholine (Ach) or vasoconstrictor norepinephrine (NE) were tested. The former response could expose a possible role of the functional status of the endothelium; to further explore this possibility, intrarenal NO activity was also determined. To examine the possibility that some selective alterations of the renal medullary circulation are crucial for the increase in BP \[[@R22]\], in addition to determination of total RBF the perfusion of the renal cortex and outer and inner medulla was separately measured.

Materials and Methods {#S6}
=====================

The experimental procedures were approved by the Extramural First Ethical Committee for Animal Experimentation, Warsaw, whose regulations conform to the provisions of the Declaration of Helsinki, 1995. Male Wistar rats weighing 306 ± 2 g had free access to food and tap water until the day of an acute experiment.

Before an acute experiment rats were kept on standard diet (STD, 0.25% Na w/w) or on high-sodium diet (HS, 4% Na, w/w, SSNIFF GmbH, Soest, Germany) for 10 days. Over this period blood pressure (tail cuff method, CODA, Kent Scientific, USA) was measured on days 0, 2, 5 and 9, always at the same time of the day (around 10:00--12:00 a.m.).

During the 10 days preceding the start of experimental measurements the rats were accustomed to the restraint needed for BP measurement. Rats fed HS diet were untreated or pretreated with cis-4-\[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy\]-benzoic acid (*c*-AUCB) a soluble epoxide hydrolase (sEH) inhibitor \[[@R23]\]. *c*-AUCB was given in drinking water at a concentration of 26 mg/l which provided 17 mg/kg/day. This was the highest dose used in recent studies and it was reported to substantially increase tissue EETs concentration \[[@R17]\]. In another HS group, 1-aminobenzotriazole (ABT, Sigma-Aldrich, Basel, Switzerland), an inhibitor of CYP-450 monooxygenases was given at 50 mg/kg/day; at this dosage ABT was shown to have only little effect on epoxygenases \[[@R10], [@R14]\]. For the seven final days of HS diet, c-AUCB was given in drinking water, and ABT was given as intraperitoneal injections. After chronic part of the study, in terminal acute experiments under anaesthesia the rats received, via renal artery, acetylcholine (ACh, Sigma, Basel, Switzerland) or norepinephrine (NE, Sigma-Aldrich, Basel, Switzerland), to evaluate the reactivity of the renal circulation to vasoconstrictor or vasorelaxant agents.

In additional studies we determined urinary 20-HETE concentration in freely moving rats maintained on STD or HS diet for 21 days. Urine samples were collected one day before the switch from STD to HS diet (day 0) and later on days: 2, 7, 14 (data shown in [Table 1](#T1){ref-type="table"}) and also on day 21 of HS exposure, to be compared with samples from rats on continued STD diet. In the same samples urine osmolality (Uosm) and sodium concentration (UNa) were measured. Urine 20-HETE concentrations were standardized to the corresponding Uosm.

Surgical preparations {#S7}
---------------------

Rats were anaesthetized with intraperitoneal sodium thiopental (Sandoz GmbH, Kundl, Austria), 100 mg/kg, which provided stable anaesthesia for at least 4 h. In HS rats the initial dose of thiopental was reduced by one-third, because of increased sensitivity of these animals to the drug. The rats were placed on a heated surgery table to maintain rectal temperature at about 37°C. A polyethylene tube was placed in the trachea to ensure free airways.

The jugular vein was cannulated for fluid infusions, the femoral artery for blood sampling and the carotid artery for mean arterial blood pressure (MABP) measurement (Stoelting blood pressure meter and transducers, Wood Dale, Illinois, USA). During surgery, 3% bovine serum albumin solution was infused i.v. at 3 ml/h to preserve plasma volume. The left kidney was exposed from a subcostal flank incision and placed in a plastic holder, similar as that used for micropuncture. The ureter was cannulated for timed urine collection.

The total renal blood flow (RBF) was measured using a non-cannulating probe, 1 mm in diameter, placed on the renal artery and connected with a Transonic flowmeter (type T106; Transonic System, Ithaca, NY, USA). A laser-Doppler probe, type PF 407, was placed on kidney surface to record the superficial cortical blood flow (CBF). The outer medullary blood flow (OMBF) and the inner medullary blood flow (IMBF) were measured as laser-Doppler fluxes using two needle probes (PF 402) inserted to the respective depths of 3 and 5 mm from kidney surface. The probes were connected with a Periflux 5010 flowmeter (Perimed, Jarfalla, Sweden). They were calibrated using a motility standard (a colloidal suspension of latex particles). The Brownian motion of the suspension provides the standard value of 250 perfusion units (1000 PU = 10 mV). Thus, only relative flux values were measured but the calibration enabled comparison of the results between animals. At the end of experiments the positioning of the probes was examined at the kidney's cross-section. Since, in our opinion, the above calibration and verification of the positioning of the probes did not entirely eliminate the uncertainty involved in comparing the values between groups (in contrast to time-dependent changes in the same animal), only the most robust differences in medullary flow values were considered and interpreted.

An L-shaped needle was inserted via aorta into the renal artery for intrarenal artery infusion of ACh and NE. Changes in RBF, CBF, OMBF and IMBF in response to the two vasoactive substances were used as a measure of intrarenal vascular reactivity in individual kidney zones.

Protocols of acute experiments {#S8}
------------------------------

At the end of surgical preparation and after placement of the flow probes, 20-min urine collections were made to determine baseline diuresis and sodium and total solute excretion in each of four groups. After stabilization of renal haemodynamics, acetylcholine (ACh, 5 or 10 μg/kg/h) or norepinephrine (NE, 10 or 30 μg/kg/h) was infused during 10 minutes, at a random order, directly into the renal artery, to avoid effects on systemic blood pressure. Afterwards, the usual saline infusion was restored and, after stabilization, the infusion of the other dose of ACh or NE was repeated. Since there were no differences between the responses to the two doses of ACh or NE, the data were pooled. This basic protocol was applied in four experimental groups:

1.  Untreated rats maintained on standard diet (STD, n=6)

2.  Untreated rats maintained on high sodium diet (HS, n=7)

3.  *c*-AUCB pretreated rats (17 mg/kg/day), maintained on HS diet (HS+*c*-AUCB, n=6)

4.  ABT pretreated rats (50 mg/kg i.p., dissolved in 0.5 ml isotonic saline), maintained on HS diet (HS+ABT, n=6)

Four additional experimental groups were studied to evaluate nitric oxide bioavailability in kidney tissue as affected by HS diet and/or ABT pretreatment. Wistar male rats were kept on standard or high sodium diet for 21 days, and on the two last days preceding an acute experiment they received an intraperitoneal injection of ABT (50 mg/kg). It was reported earlier that such two-days' treatment was sufficient to effectively inhibit CYP-450 activity \[[@R14]\]. In the final acute experiment MABP, RBF, CBF and MBF (medullary blood flow measured at the border of outer and inner medulla) were determined in rats surgically prepared as described above, in the following groups:

5.  Untreated rats maintained on standard diet (STD, n=9),

6.  Untreated rats maintained on HS diet (HS21, n=6),

7.  ABT pretreated rats maintained on standard diet (STD+ABT, n=6),

8.  ABT pretreated rats maintained on HS diet, (HS21+ABT, n=5)

For measurement of the renal medullary NO signal, a needle-shaped ISO-NOP 200 sensor (0.2 mm in diameter), connected with Nitric Oxide Meter (ISO-NO MARK II, World Precision Instruments, Inc., USA), was inserted to the depth of 5 mm. To verify *in vitro* the responsiveness of the sensor, calibration curves relating the readings (pA) to known increasing concentrations of NO released from S-Nitroso-N-acetyl-D,L-penicillamine (SNAP) were established as recommended by the manufacturer of the equipment and described in detail by Zhang & Broderick \[[@R24]\]. The procedure is based on the decomposition of SNAP in the presence of a catalyst, Cu (I), leading to a release of NO. The results of studies *in vivo* were expressed in pA. *In vivo* tests confirmed a dose-dependent decrease in tissue NO signal in response to intravenous administration of L-NAME, and an increase in NO after renal artery infusion of SNAP, in agreement with earlier reports from this laboratory \[[@R25]\].

Analytical procedures {#S9}
---------------------

Urine osmolality was determined by freezing-point depression using a semi-micro osmometer (Osmomat 030, Gonotec, Germany) and sodium concentrations by flame photometer (Jenway PFP7, Essex, UK). 20-HETE concentration in urine samples was measured by gas chromatography (Shimadzu GC-17A, Shimadzu, Japan) using own calibration standards prepared from synthetic 20-HETE (Sigma, USA).

Statistics {#S10}
----------

Data are expressed as means ± SEM. Significance of changes within one group over time was first evaluated by repeated measures analysis of variance (ANOVA; STATISTICA, version 10, StatSoft Inc.), followed by Student t test for dependent variables. Differences between groups were first analyzed by the classical one-way ANOVA followed by two-sided modified Student t-test for independent variables, using Bonferroni correction for multiple comparisons. *P*≤0.05 was taken to indicate significance of differences.

Results {#S11}
=======

[Fig. 1](#F1){ref-type="fig"} shows changes in systolic blood pressure (SBP, tail-cuff method) in conscious rats. Throughout nine days of observation SBP remained stable in rats on standard diet. In the untreated group maintained on HS diet, SBP increased progressively; it was significantly elevated beginning from the day 5 of the diet (165 ± 4 vs. 146 ± 5 mmHg, *P* = 0.03). The whole profile seen in untreated HS rats was significantly different from that observed in the STD group (repeated measurements ANOVA, p\<0.05).

In HS rats pretreated with *c*-AUCB, over the first 5 days SBP increased in parallel with the increase in untreated HS rats, thereafter, however, a further increase in SBP was seen whereas the pressure remained stable in the untreated HS group ([Fig. 1](#F1){ref-type="fig"}). Pretreatment of HS rats with ABT delayed the increase in SBP: on day 5 of the exposure to HS diet SBP was still at the control level. On day 9, it was significantly above control (+ 10%). Remarkably, after 21 days' exposure to high salt diet the rats pretreated with ABT showed slightly lower (NS) BP when compared to untreated animals ([Fig. 4](#F4){ref-type="fig"}). The stimulatory action of HS diet on generation of 20-HETE was verified by determination of the agent's concentration in urine ([Table 1](#T1){ref-type="table"}). The data show that in rats on standard diet the levels were stable over two weeks whereas in HS rats an increase was seen already on day 2 of high salt intake; beginning from day 7, the urinary 20-HETE was substantially and significantly elevated compared with that measured in STD rats. We checked also that the elevation was maintained when measured on day 21 of exposure to HS diet when the value was 1.08 ± 0.14 \[(nmol/osmol)\*10\].

To evaluate the reactivity of intrarenal vessels to vasoactive agents, in terminal acute experiments performed after chronic treatments the rats were given renal artery infusions of acetylcholine (ACh) or norepinephrine (NE). Baseline values of mean arterial blood pressure (MABP), total renal blood flow (RBF), and laser-Doppler fluxes reflecting perfusion of the cortex, outer- and inner medulla (CBF, OMBF, IMBF) as well as V and UNaV are shown in [Table 2](#T2){ref-type="table"}. MABP were usually higher in HS groups compared to rats on standard diet with the exception that HS ABT-treated rats showed a value significantly lower than the HS untreated animals. Of interest was also a comparison of OMBF values: under high salt intake mean OMBF value was more than 30% lower than in the STD group. On the other hand, that measured in HS rats treated with *c*-AUCB was about 70% higher (p\<0.05) than without treatment. As expected, exposure to HS diet distinctly increased UNaV and V when compared to the STD group (p\<0.05 for both). *c*-AUCB or ABT treatment did not significantly alter V or UNaV in HS rats. The remarkably low pressure in ABT treated rats (the lowest among groups) was probably responsible for the low UNaV value (44% lower than in untreated HS controls: "low pressure antinatriuresis").

The vasodilator responses to ACh (a measure of the status of the vascular endothelium) were quite clear in untreated rats irrespective of the diet: both total and regional renal perfusion increased significantly. No significant differences were seen between untreated rat groups on standard (STD) versus high-sodium diet (HS) ([Fig. 2](#F2){ref-type="fig"}). The vasoconstrictor reaction to NE, an index of the responsiveness of the vascular smooth muscle, consisted in significant decreases in RBF and CBF. Again, there were no significant differences in responses to NE depending on the diet. Interestingly, OMBF decreased in the STD but increased in the HS group (significant difference in the responses, *P*\<0.04).

The data on the renal haemodynamic responses to ACh and NE in HS rats, untreated or pre-treated with *c*-AUCB or ABT, are collected in [Fig. 3](#F3){ref-type="fig"}. The post-ACh increases in renal haemodynamic parameters tended to be modestly reduced under *c*-AUCB treatment and were virtually abolished by ABT. Surprisingly, in response to ACh the IMBF significantly decreased in the ABT group. The post-NE decreases in RBF and CBF tended to be smaller and became non-significant in HS rats treated with *c*-AUCB or ABT. The changes in medullary perfusion (OMBF, IMBF) were not consistently altered by either treatment, however, NE tended to increase OMBF in untreated HS rats and to decrease it in ABT treated rats.

In rats maintained on HS diet for 21 days MABP, measured at the end of this time period in anaesthetized animals, was significantly higher than in STD rats (118±5 vs. 101±6 mmHg; p\<0.05); the respective difference in rats pretreated with ABT was smaller and not significant ([Fig. 4](#F4){ref-type="fig"}). In ABT pretreated HS rats MBF was significantly higher than without treatment (232±24 vs.148 ± 18 PU, p\<0.02). Tissue nitric oxide signal (NO) tended to be higher in STD than in HS rats and in both groups ABT pretreatment induced a significant NO signal elevation ([Fig. 4](#F4){ref-type="fig"}).

Discussion {#S12}
==========

High sodium intake and blood pressure increase: role of cytochrome P450- dependent metabolites of arachidonic acid {#S13}
------------------------------------------------------------------------------------------------------------------

A 10 days' exposure of normal Wistar rats to high-sodium intake resulted in this study in an increase in systolic blood pressure (SBP); an elevation was also seen when measured, in another experimental series, in anaesthetized rats after exposure to high-salt diet for 21 days. However, in other studies with rats that were not described as salt-sensitive, an exposure to high salt diet of comparable duration induced no change \[[@R26]\] or only a slight increase in SBP \[[@R27], [@R28]\]. We hypothesized that the background of salt dependent increase in blood pressure in our studies was some derangement of the metabolism of CYP-450 dependent active agents.

One could expect that experimental alterations of the activity of cytochrome P450-dependent vasoactive and transport-inhibitory metabolites would modify the extent and/or the profile of progressing BP increase in rats exposed to high-salt diet. Indeed, EETs and 20-HETE have an established role in control of BP and kidney function and their effects depend on the sodium intake \[[@R9]\]. High salt intake was commonly reported to increase the activity of the CYP2C isoform and production of EETs in the kidney \[[@R29]\] and to lower renal production of 20-HETE \[[@R9], [@R30]\]. On the other hand, outside the kidney 20-HETE synthesis was reported to increase in response to high salt intake \[[@R31]\]. In our experimental setting HS diet was found to increase urinary 20-HETE concentration indicating its increased generation in the kidney a finding supporting our hypothesis of altered activity of CYP-450 dependent metabolic pathways. The findings may be interpreted as a first indication that this agent is involved in the development of salt-dependent blood pressure elevation.

Inhibition of CYP-450 dependent metabolism of arachidonic acid with ABT blocked, at least initially, the usual increase in SBP, however, the blockade started to disappear after day 5 of the diet. The ABT dependent reduction in blood pressure was absent or minor when measured on day 21 of exposure to HS diet ([Fig. 4](#F4){ref-type="fig"}). It is not clear why the effect of ABT treatment was only temporary. It will be recalled that at the dose applied here the drug inhibits mostly the synthesis of 20-HETE, a potent vasoconstrictor, with little effect on EETs. In experiments with longer (21 days') exposure to high-salt diet we saw that ABT increased renal medullary NO. This could depend on elimination of the effect of 20-HETE, the product of CYP-450 enzyme which normally competes with nitric oxide synthase (NOS) for the heme molecule; such a mechanism was supported by earlier findings \[[@R32], [@R33]\]. However, the enhancement of NO, intrarenal and probably also systemic, was, apparently, not sufficient to cause a significant and sustained reduction in total peripheral vascular resistance or blood pressure.

An increase in tissue bioavailability of EETs after *c*-AUCB treatment would be expected to cause systemic vasodilation and inhibit distal tubular reabsorption: both actions are potentially antihypertensive \[[@R29], [@R34]\]. *c*-AUCB treatment was found to lower BP in rats on standard diet, and in Ren-2 transgenic rat with inducible hypertension \[[@R13], [@R35]\]. Indeed, it has been suggested that inability to increase the EETs level contributes to the pathogenesis of hypertension \[[@R36]\]. In this study c-AUCB treatment did not attenuate the SBP increase induced by high-salt intake, which does not support the hypothesis that also salt-dependent hypertension might be caused by a deficit of EETs. At least this was not the causal factor with short-term application of high-salt diet.

Taken together, no antihypertensive effect of increasing EETs and some effectiveness of elimination of 20-HETE suggest that it was the latter agent that in the present experiments was involved in the development of sodium dependent blood pressure elevation, at least in the initial phase. For unknown reasons, after a few days' exposure to high-salt diet elimination of the vasoconstrictor effect of 20-HETE by ABT was, apparently, no more an important factor opposing the increase in blood pressure. It can be speculated that elimination by ABT of the usual natriuretic action of 20-HETE promoted progressing fluid retention, a pro-hypertensive process. This effect should become more important with time and may have offset the direct vasorelaxant effect. Indeed, at the end of salt exposure the renal excretion was the lowest in the ABT-treated group ([Table 2](#T2){ref-type="table"}). However, in disagreement with the above speculation, this coincided with the MABP value that was the lowest among groups. Possibly, low UNaV was simply the consequence of low MABP ("low pressure antinatriuresis").

High sodium intake and renal vascular responses to ACh and NE: role of CYP-450-dependent metabolites of arachidonic acid {#S14}
------------------------------------------------------------------------------------------------------------------------

Altered renal vascular responsiveness to vasoactive agents could be an index of or even a factor engaged in the development of sodium dependent hypertension. However, in our study the ACh-induced increases in renal total and regional perfusion parameters were similar in rats on standard and HS diet. This indicates that in the renal vascular bed and the present experimental setting, a relatively short-term high sodium intake did not modify the endothelial capacity to release vasodilator NO, and such modification was not involved in the observed progressing increase in blood pressure. Admittedly, the responsiveness to ACh could still be altered in extrarenal vascular beds, which could contribute to blood pressure elevation in HS rats. On the other hand, the baseline medullary NO content was found to be significantly lower in HS compared to STD rats when measured after 3 weeks' exposure to high-salt diet ([Fig. 4](#F4){ref-type="fig"}). In earlier studies application of high-sodium diet for 6-weeks' was shown to cause a 40% reduction of renal vasodilator effects of exogenous acetylcholine \[[@R37]\], which suggests that sufficient duration of the exposure is needed for deterioration of the response.

Similarly as with Ach, HS diet did not consistently modify the renal haemodynamic responses to NE, with one exception. The expected decreases in total renal blood flow (RBF) and cortical perfusion (CBF) were associated with some tendency to a decrease in OMBF on standard diet, but this contrasted with a puzzling increase in OMBF in HS rats ([Fig. 2](#F2){ref-type="fig"}). Remarkably, the baseline value was very low in this group which showed salt-dependent BP increase ([Table 2](#T2){ref-type="table"}); this observation fits the concept that medullary hypoperfusion may promote blood pressure elevation \[[@R18]\]. Nevertheless, the reason for the paradoxical NE-induced OMBF increase is unclear. Earlier studies of the effects of HS diet on vasoconstrictor responses to NE yielded contradictory results: both increases \[[@R38]\] or no influence on vascular responses \[[@R39]\] were reported.

A striking observation was that in rats on high salt intake inhibition of CYP-450 with ABT, leading most probably to depletion of elevated 20-HETE, virtually abolished renal vascular dilatation in response to exogenous ACh. It is not clear why maintaining the influence of this agent was necessary for ACh-induced vasodilation, as observed in untreated HS rats. It can be speculated that in the absence of the vasoconstrictor 20-HETE the available NO and EETs caused close-to-maximal systemic and renal vasodilatation, reflected by the blood pressure level that was the lowest among groups. Therefore, further stimulation of NO release by ACh did not cause any further substantial decrease in the vascular tone.

Unlike with Ach, our present study failed to disclose consistent effects of changing the activity of 20-HETE or EETs on renal vascular responses to NE.

Conclusion {#S15}
==========

In summary, compared with the vast evidence on the role of the RAS in the development of salt-dependent hypertension \[[@R7]\], the available data supporting the involvement of CYP-450-dependent active metabolites of AA are not entirely conclusive. Nonetheless, we showed in this study that normotensive rats without overt salt sensitivity showed a progressive increase in blood pressure during 10-days' exposure to high salt diet. The finding that the diet increased renal generation of 20-HETE (as indicated by increasing urinary concentration) and that blood pressure elevation during HS intake was at least temporarily inhibited by blockade of 20-HETE synthesis, strongly suggest that this vasoconstrictor agent was at least in part responsible for salt-induced blood pressure increase.

The reactivity of renal vessels to exogenous vasoactive agents was not altered during this short-term exposure to high salt diet. When the exposure was prolonged to 21 days, reduced bioavailability of NO was probably a factor involved in sustained salt-dependent elevation of blood pressure.
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![Systolic blood pressure (SBP, tail cuff method) in conscious rats maintained on standard (STD) or high (HS) sodium diet, untreated or pretreated with ABT (1-aminobenzotriazole) or *c*-AUCB (cis-4-\[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy\]-benzoic acid. Means ± SEM, \* significantly different from day 0, † significantly different from STD, \# significantly different from HS; p\<0.05.](nihms722449f1){#F1}

![Changes in total renal blood flow (RBF) and flows through the cortex (CBF) and outer (OMBF) and inner medulla (IMBF) in response to acetylcholine and norepinephrine infused into renal artery. The data for day 10 of exposure to diets. Means ± SEM, \* significantly different from pre-infusion control, † significantly different from standard diet.](nihms722449f2){#F2}

![Changes in total renal blood flow (RBF) and flows through the cortex (CBF) and outer (OMBF) and inner medulla (IMBF) in response to acetylcholine (5 or 10 μg/kg/h) and norepinephrine (10 or 30 μg/kg/h) infused into renal artery. HS - high sodium diet, ABT-1-aminobenzotriazole), *c*-AUCB - cis-4-\[4-(3-adamantan-1-ylureido)-cyclohexyloxy\]-benzoic acid. The data for day 10 of exposure to diets. Means ± SEM, \* significantly different from pre-infusion control, † significantly different from untreated HS rats.](nihms722449f3){#F3}

![Effects of high sodium diet (HS) and/or inhibition of CYP-450 dependent monooxygenases (ABT) on mean arterial blood pressure (MABP), medullary blood flow (MBF) and medullary tissue nitric oxide (NO) signal. The data for day 21 of exposure to diet. Means ± SEM, \* significantly different from untreated STD rats, \# significantly different from untreated rats on the same diet. (p\<0.05, n=5--9).](nihms722449f4){#F4}

###### 

Urinary 20-HETE levels (nmol/osmol)[\*](#TFN2){ref-type="table-fn"} 10 in rats on high salt diet (HS) as compared with standard diet (STD). n=8--12

  Day   0           2           7                                                                          14
  ----- ----------- ----------- -------------------------------------------------------------------------- --------------------------------------------------------------------------
  STD   0.39±0.07   ND          0.39±0.07                                                                  0.40 ± 0.19
  HS    0.39±0.07   0.97±0.11   1.12±0.12[\*](#TFN2){ref-type="table-fn"}[†](#TFN3){ref-type="table-fn"}   1.14±0.18[\*](#TFN2){ref-type="table-fn"}[†](#TFN3){ref-type="table-fn"}

Means ± SEM.

different from day 0 at p\<0.0002 (repeat measurement ANOVA followed by post-hoc Tukey test),

different from the corresponding value on STD diet at p\<0.0004 (unpaired Student t test). ND - not determined.

###### 

Basal values of mean arterial blood pressure (MABP), total renal blood flow (RBF) and laser Doppler fluxes reflecting perfusion of the cortex (CBF), outer medulla (OMBF) and inner medulla (IMBF), and of urine flow (V) and sodium excretion (UNaV), measured in acute experiments with acetylcholine and norepinephrine injections

                  MABP                                  RBF       CBF      OMBF                                    IMBF     V                                         U~Na~V
  --------------- ------------------------------------- --------- -------- --------------------------------------- -------- ----------------------------------------- -------------------------------------------
  STD (n=6)       104±2                                 7.5±0.7   585±41   201±28                                  173±20   4.4±1.0                                   0.13±0.01
  HS (n=7)        112±5                                 6.5±1.7   625±79   136±19                                  152±18   9.6±3.6[\*](#TFN5){ref-type="table-fn"}   2.69±1.21[\*](#TFN5){ref-type="table-fn"}
  HS+AUCB (n=6)   114±7                                 9.5±3.1   678±78   231±42[†](#TFN6){ref-type="table-fn"}   135±30   10.2±1.6                                  2.42±0.51
  HS+ABT (n=6)    95±4[†](#TFN6){ref-type="table-fn"}   8.9±1.5   574±50   177±34                                  124±20   8.6±2.7                                   1.55±0.71

STD, HS - untreated rats on standard or high-sodium diet; HS+AUCB, HS+ABT - rats on high-sodium diet treated with soluble epoxide hydrolase inhibitor (AUCB) or CYP-450 inhibitor 1-aminobenzotriazol (ABT). PU - perfusion units; Means ± SEM,

significantly different from untreated STD rats,

significantly different from untreated STD rats.
